The cross sections of Υ absorption by π and ρ mesons are evaluated in a meson-exchange model. Including form factors with a cutoff parameter of 1 or 2 GeV, we find that due to the large threshold of these reactions the thermal average of their cross sections is only about 0.2 mb at a temperature of 150 MeV. Our results thus suggest that the absorption of directly produced Υ by hadronic comovers in high energy heavy ion collisions is unimportant.
Υ absorption and those for J/ψ absorption. Finally, discussions and a summary are given in Sec. VI.
II. THE HADRONIC LAGRANGIAN
We start from the following SU(5) symmetric free Lagrangian for pseudoscalar and vector mesons:
where F µν = ∂ µ V ν − ∂ ν V µ , and P and V denote, respectively, the 5 × 5 pseudoscalar and vector meson matrices in SU(5): Introducing the minimal substitution as in Refs. [17, 20] ,
leads to the following interaction hadronic Lagrangian:
Since the SU(5) symmetry is explicitly broken by hadron masses, mass terms based on the experimentally determined values are added to the above hadronic Lagrangian. Expanding the Lagrangian in Eq. (5) with the pseudoscalar meson and vector meson matrices shown in Eq. (2), we obtain the following interaction Lagrangians that are relevant for the absorption of Υ by π and ρ mesons:
In the above, B and B * denote, respectively, the pseudoscalar and vector bottom meson doublets, e.g., B = (B + , B 0 ) T .
III. Υ ABSORPTION CROSS SECTIONS
The above hadronic Lagrangians allow us to study the following processes for Υ absorption by π and ρ mesons:
Corresponding diagrams for these processes are shown in Fig. 1 . The total amplitude for the first process, πΥ → B * B , without isospin factors and before averaging (summing) over initial (final) spins, is given by
where the partial amplitudes for diagrams (1a), (1b), and (1c) are, respectively,
In the above, p j denotes the momentum of particle j. We use the notation that particles 1 and 2 represent the initial-state mesons while particles 3 and 4 represent the final-state mesons on the left and right side of the diagrams shown in Fig. 1 , respectively. The indices (3) ρΥ → B * B * . Diagrams for the process πΥ → BB * are similar to (1) but with each particle replaced by its anti-particle.
µ, ν, λ, and ω denote the polarization components of external vector mesons while the indices α and β denote those of the exchanged vector mesons.
Similarly, the partial amplitudes for the second process, ρΥ → BB, are given by
and those for the third process, ρΥ → B * B * , are given by
Since the interaction Lagrangian in Eq. (5) is generated by the minimal substitution, which is equivalent to treating vector mesons as gauge particles, the total scattering amplitude for each process should satisfy the condition of current conservation in the limit of zero vector meson masses, degenerate pseudoscalar meson masses, and SU(5) coupling constants, e.g., M νλ 1 p 3λ = 0. One can easily check that the amplitudes given in Eqs. (9)-(11) all satisfy the current conservation condition.
After averaging (summing) over initial (final) spins and including isospin factors, the cross sections are
with s = (p 1 + p 2 ) 2 , and p i,cm denoting the momentum of each initial-state meson in the center-of-mass frame.
With the exact SU(5) symmetry, the coupling constants in Eq. (6) can be related to the SU(5) universal coupling constant g by the following relations:
These coupling constants can be further related to those involving light and charm mesons, i.e.,
Values of the light and charm meson coupling constants are known [17] , and they are g ρππ = 6.1, g πDD * ≃ 4.4, and g ψDD ≃ 7.6. The three-point coupling constants for bottom mesons can also be determined phenomenologically. Using the vector meson dominance model as in Ref. [17] for charm mesons, we obtain
In the above, γ V is the photon-vector-meson mixing amplitude and can be determined from the vector meson partial decay width to e + e − . Also, the light-cone QCD sum rule [21] gives g πBB * = 10.3. We note that the above values for the coupling constants g πBB * , g ΥBB , and g ΥB * B * deviate appreciably from the SU(5) relation shown in Eq. (16) . However, they agree with the predictions from the heavy quark symmetries [21] [22] [23] , i.e.,
Since the SU (5) is a broken symmetry, we shall use in the following calculations the phenomenological values for these coupling constants.
For the four-point coupling constants, there is no empirical information, and we thus use the SU(5) relations to determine their values in terms of the three-point coupling constants, i.e., g πΥBB * = g πBB * g ΥBB , g ρΥBB = 2 g ρBB g ΥBB , g ρΥB * B * = g ρB * B * g ΥB * B * .
To take into account the composite nature of hadrons, form factors need to be introduced at interaction vertices. Unfortunately, there are little empirical information on form factors involving bottom mesons or Υ states. We thus take the form factors to have the usual mono-pole form at the three-point t channel and u channel vertices, i.e.,
where Λ is a cutoff parameter, and q 2 is the squared three momentum transfer in the center-of-mass frame, given by (p 1 − p 3 ) 2 cm and (p 1 − p 4 ) 2 cm for t and u channel processes, respectively. For simplicity, we use the same value for all cutoff parameters, and choose Λ as either 1 or 2 GeV to study the uncertainties due to form factors. We also assume that the form factor at four-point vertices has the following form:
f,cm is the average value of the squared three momentum transfers in t and u channels.
IV. NUMERICAL RESULTS
In Fig. 2 , we show the cross sections for Υ absorption by π and ρ mesons as a function of the center-of-mass energy √ s of the initial-state mesons. The cross section for the πΥ process includes contributions from both πΥ → B * B and πΥ → BB * , which have the same cross sections. Since the centroid value of the ρ meson mass (770 MeV) is used in the calculation, all processes are endothermic. As a result, all cross sections have similar energy dependence near the threshold. Form factors are seen to strongly suppress the cross sections and thus cause large uncertainties in their values. With the cutoff parameter between 1 and 2 GeV, the values for σ πΥ and σ ρΥ are roughly 8 mb and 1 mb, respectively, The thermal average of these cross sections, given by
with and without form factors are shown in Fig. 3 . In the above, α i = m i /T (i = 1 to 4), z 0 = max(α 1 + α 2 , α 3 + α 4 ), K n 's are modified Bessel functions, and v is the relative velocity of initial-state particles in their collinear frame. We note that at a temperature of 150 MeV, for example, both σ πΥ v and σ ρΥ v are only about 0.2 mb after including the form factors. This indicates that Υ absorption by hadronic comovers in the final state of high energy heavy ion collisions is not expected to be important. 
V. COMPARISON WITH J/ψ ABSORPTION BY HADRONS
It is interesting to compare our results for the Υ absorption with the J/ψ absorption cross sections calculated from a similar Lagrangian [17] . Rescaling all momenta by the heavy meson mass m H and neglecting all light meson masses, the cross sections in Eqs. (12)- (14) without form factors can be factorized. Using the scaling relation of Eq. (18) for the coupling constants, we obtain
for the heavy quarkonium scattering cross sections with π and ρ mesons, respectively. From the numerical results shown in Fig. 2 and Ref. [17] , we find that σ Υ ( √ s = 14 GeV)/σ ψ ( √ s = 5 GeV) ∼ 3, 0.5, and 0.4 for the three processes shown in Fig. 1 , respectively, and these ratios agree with the scaling relation of Eq. (23) within 50%. As shown previously, the thermal averages of the Υ absorption cross sections by pion and rho mesons are both about 0.2 mb at T = 150 MeV, which are roughly a factor of 5 to 10 smaller than the thermal averages of σ πψ and σ ρψ at the same temperature and with the same form factors [17] . This is mainly due to the larger kinematic thresholds (i.e., m 3 + m 4 −m 1 −m 2 ) for the Υ absorption. With m ρ = 770 MeV, they are 1.01, 0.33, and 0.42 GeV, respectively, for the three processes shown in Fig.1 , compared to 0.64, −0.14, and 0.15 GeV for the corresponding J/ψ absorption processes. The larger threshold for Υ absorption by hadrons not only prevents more light mesons from participating in the absorption process but also causes a larger reduction of the cross sections due to the form factors at interaction vertices. 
VI. DISCUSSIONS AND SUMMARY
In our study, the hadronic Lagrangian shown in Eq. (5) is generated from the SU (5) flavor symmetry. The resulting PPV, VVV, PPVV and VVVV interaction Lagrangians are exactly the same as those in the chiral Lagrangian approach [24] . However, the SU(5) flavor symmetry is badly broken by quark masses, especially by charm and bottom quark masses. Although in our study we have used the coupling constants determined from either the vector meson dominance model or the QCD sum rules, other symmetry-breaking effects are possible and need to be further studied. There are also large uncertainties on the values of the coupling constants. The coupling constant g πBB * given by the QCD sum rules [21, 25] can differ by about a factor of 2, and the result from the lattice QCD studies [26] is also inconclusive due to the large error bar. To include the symmetry breaking effects in hadronic models, an alternative approach [27] based on both the chiral symmetry for light flavors and the heavy quark spin symmetry for charm and bottom flavors may be useful.
Since there is little experimental information available for form factors involving bottom mesons, significant uncertainties thus exist in results based on hadronic Lagrangians. To reduce these uncertainties, studies of B meson decays will be useful. For example, the form factor for B meson semileptonic decays [21, 28] , B → πlν l , may be related to the form factor for the πBB * vertex. Recent studies based on QCD sum rules [29] have shown that the πBB * and πDD * form factors as a function of the pion momentum roughly correspond to cutoff parameters between 1 and 2 GeV if they are fitted with the mono-pole form. Also, the form factor at the ΥBB vertex is related to the form factors for decays such asB → Dlν l [23, 30, 31] .
We note that the absorption cross sections of the Υ by heavier mesons such as the kaon and charmed meson can be similarly calculated in our model. We have not included them in the present study as transport models have shown that the numbers of heavier mesons are much less than those of pions and rho mesons in high energy heavy ion collisions [32, 33] .
We have only considered the absorption of the Υ(1S) in hadronic matter. There are also heavier bound states of bb, such as Υ(2S), Υ(3S), χ bi (1P ) and χ bi (2P ) (i = 0, 1, and 2), which can decay into the Υ(1S). In pp collisions, almost half of the final Υ(1S) yield is from the decay of these heavier particles [34] . To use Υ(1S) as a signal for the quark-gluon plasma in heavy ion collisions thus requires also information on the absorption cross sections of these particles by hadrons. Since they are less bound than Υ(1S), these heavy particles are more likely to be dissociated in both the partonic [19] and hadronic matter [34] . It will be useful to extend our meson-exchange model to include these heavier bb bound states in order to calculate their absorption cross sections.
In summary, we have studied the Υ absorption cross sections by π and ρ mesons using a hadronic Lagrangian based on the SU(5) flavor symmetry. Including form factors with a cutoff parameter of 1 or 2 GeV at the interaction vertices, we find that the values for σ πΥ and σ ρΥ are about 8 mb and 1 mb, respectively. However, due to the large kinematic threshold, their thermal averages at a temperature of 150 MeV are both only about 0.2 mb. Our results thus suggest that the absorption of directly produced Υ by comoving hadrons is unlikely to be important in high energy heavy ion collisions.
